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This repor t  is submitted to the National Aeronautics and Space Administration 
(NASA) by the Missi le  and Space Systems Division (MSSD), Douglas Aircraf t  
Company, a component of the McDonnell Douglas Corporation. 
under Addendum One, Contract No. NAS8-21064. The purpose of this addendum 
was to explore the  disciplines of oceanography and meteorology and to identify 
those elements  of a long-range r e s e a r c h  plan which could be effectively 
accomplished with manned space  platforms. 

This  repor t  is in  two par t s :  
and conclusions. 

Using a n  analytic approach developed on a n  ea r l i e r  study (NAS8-21023) the present  
effort has  attempted to identify the orbi ta l  observational requirements  needed to 
support  key r e s e a r c h  objectives in oceanography and meteorology. 
r e s e a r c h  objectives, as  well  as the socioeconomic and political fac tors  which in 
t u r n  may dictate knowledge requirements  i n  these a r e a s ,  have been considered. 
The study was conducted in accordance with the NASA-approved P r o g r a m  Study 
Outline, dated 27 June 1967. 

It was  prepared  

Volume I is an executive summary  of study resu l t s  
Volume I1 contains the technical detai ls  of the analysis.  

Scientific 

Requests for  fur ther  information concerning this repor t  a r e  invited and will be 
welcomed by: 

o Edward H. Olling, Code ET-4  
Chief--Earth Orbital  Mission Office 
National Aeronautics and Space Administration 
Manned Spacecraft  Center 
Houston, Texas 77058 
Telephone : 7 13- 483 -4966 
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Section 1 

INTRODUCTION AND SUMMARY 

F o r  specific applications, the technological capability required to utilize the van- 
tage point of space to l ea rn  m o r e  about the Ea r th ' s  land masses, atmosphere,  
and oceans, is now available. The unmanned satell i tes of the Environmental 
Sciences Service Administration a r e  transmitt ing routine weather data  on a global 
basis.  NASA's development and instrument  feasibility programs,  including Nimbus 
and the Applications Technology Satellites (ATS), a re  providing vital scientific 
data which will amplify our  knowledge of the new mechanisms of space utilization. 
The ATS I11 c a r r i e s  an experiment developed by V. E. Suomi:" and R. J. Parent ,  in 
which a "spin-scan' '  c a m e r a  sys t em views one-third of the globe f r o m  a geostation- 
a r y  orbi t  (F igure  1- 1). 
pletes a new three-color  picture every 30 min. during daylight periods. These 
color presentations show the contrasting features  of the clouds, land, and the oceans 
and have already suggested new concepts of tropical c i rculatory patterns. This 
p rogram can lead to the development of a n  operational sys tem which will  provide 
almost  continuous cloud-coverage data and enable meteorologists to follow changes 
in global weather conditions on a near ly  real-time basis.  As an example, it has 
a l ready  been possible to es t imate  average winds f r o m  these pictures  by recording 
the movement of d i sc re t e  cloud cells. 

Equally exciting has  been the experience gained with manned space flight. 
taken f r o m  space by the astronauts  with hand held cameras  have provided a wealth 
of photographic mater ia l  on the spec t ra l  reflectance charac te r i s t ics  of clouds, 
land, and water ,  
of recording sun glint o r  so la r  reflection f r o m  the sea  surface.  
extent and breadth of the sun glint a r e a  f r o m  space, surface wind conditions and 
the sea  s ta te  can be estimated. 
photographs. These ea r ly  applications appear  so  encouraging and promise  such 
la rge  economic re turn  when embodied in operational sys tems that initial planning 
of m o r e  extensive programs appears  warranted.  ,,',,* 

While the opportunities f o r  important r e s e a r c h  f r o m  a platform in Earth orbi t  
a r e  clear,  significant planning questions remain for  NASA. F o r  example, the 
design of the space station o r  satell i te and its scientific instrumentation m a y  be 
extremely sensit ive to the continuously evolving objectives of the r e sea rch  pro-  
gram. 
s t ra tegies  in reaching these objectives ? 
physical and intellectual resources ,  is the re  a systematic  approach to planning 
for  the accomplishment of these objectives? 

In a sense,  the ultimate objective of this study was to reduce the uncertainty in 
the planning of orbital  r e s e a r c h  and development and operational programs in the 
disciplines of oceanography and meteorology. 

The specific purpose of this study was to identify and analyze elements of a long- 
range evolutionary plan which would capitalize on the contributions of manned space 
flight and exploit the orbi ta l  opportunities offered to oceanography and meteorology. 
Douglas sought to design the p rogram in a way which would satisfy the needs of the 
scientific community to  as  l a rge  an  extent as possible, with flexibility for change 
as new data about the oceans and the atmosphere stimulated new objectives. In 
identifying the c r i t i ca l  r e s e a r c h  objectives of these disciplines, the study team 
sought to apply a planning methodology which would demonstrate  the completeness 

Using three  photomultiplier c i rcui ts ,  this c a m e r a  com- 

Pic tures  

Figure 1-2 f r o m  Gemini IV  graphically i l lustrates  the feasibility 
By measuring the 

Wave pat terns  a r e  a l so  discernible in similar 

.l. 4. 

What i s  their  sensit ivity to r e sea rch  objectives? What a r e  acceptable 
Considering the real-l ife constraints of 

+A consultant to Douglas on the present  study, 
::::For example, see  Reference 1. 
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Figure 1-1. Earth From a Geostationary Orbit 

Fiaure 1-2. Solar Reflection From the Sea Surface 
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of the p rogram and yield information a s  to re la t ive pr ior i ty  ranking among the 
space experiments.  
par t ia l ly  in an ea r l i e r  Orbital Astronomy Support Faci l i ty  (OASF) Study, (Refer-  
ences 2 through 5) conducted by Douglas. 

The Orbital Oceanography and Meteorology Study was limited to  the sun-Ear th  
relationships within the boundary shown in F igure  1-3. Specifically, the study 
considered the ocean, the atmosphere,  and cer ta in  of their  interactions with the 
land. Included were  the coastal-zone effects and the tidal influence of the moon. 
The a i r - s e a  interface with land a r e a s ,  the f reshwater  o r  limnological zone, and 
the sun 's  and moon's t idal  effects on the atmosphere,  although pr ime candidates 
for  future r e sea rch ,  were  not explored in this study. 

Examining oceanography and meteorology through the eyes of both the r e sea rch  
scientist  and potential u s e r s  of the information led to the identification of a num- 
be r  of cr i t ical  issues ,  which included, f o r  example, the detection and identification 
of edible fish and sea  plants f r o m  orbit ;  the use  of the sea  as  a source of energy 
and a s  a depository fo r  effluent outfall and other wastes;  the accret ion ra tes  of 
sediment and sand; the causes  of a i r  pollution, and their  impact on cl imat ic  
conditions and the heat  t r ans fe r  mechanisms affecting macro,  meso, and micro  
climatic effects. 
made  from a remote platform, the study initially identified those a r e a s  where 
remote sensing was cur ren t ly  possible o r  was desirable .  

Sixty-four such measurement  a r e a s  were  identified. 
requi re  instrumentation beyond the s ta te  of cur ren t  knowledge and theory; f o r  
example, the remote measurement  of s ea  surface charge.  Of the remainder ,  a l l  
appeared feasible  from orbi ta l  platforms operating independently o r  in conjunction 
with a i rc raf t  o r  surface stations. 

The methodological approach used had been developed 

In recognition that many of the implied measurements  cannot be 

Five of these appeared to 

It was found that a significant number (about 30%) 

----- 

I 

OCEAN TIDAL 

LIMITS OF 0 & M STUDY 

Figure 1-3. Sun-Earth Relationship 
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of the measurement  techniques could be developed using a i r c r a f t  alone; less than 
10% of the R&D measurements  required orbi ta l  testing alone. The "orbital-only" 
instrumentation was p r i m a r i l y  associated with uti l ization of ze ro  gravity;  for  
example, in  cloud chamber and weather-modification experiments.  By far m o r e  
common (60%) was the need for  multiple platforms. 
ment involved the comparison of data obtained by remote  monitoring with data  
obtained at the source ;  for  example, correlat ing remote microwave rad iometr ic  
measurements  with sea-sur face  tempera ture  measurements  made  f r o m  sur face  
vessels .  

Although the detailed definition of the role  of man in  orbi ta l  r e s e a r c h  was beyond 
the scope of the p resen t  study, a pre l iminary  analysis  indicated that considerable 
value could be attached to his presence  during the init ial  r e s e a r c h  and instrument  
development phases  of the orbi ta l  operations. 

To provide a basis  for  sequencing the tasks  which should be accomplished in  a n  
orbi ta l  program, value judgments of the detailed objectives w e r e  made by the 
scientific contributors.  
u rements  can be formulated which is relat ively insensit ive to differing opinions 
of worth, yet is re la t ively responsive to the needs of potential u s e r s .  

This type of sensor  develop- 

The study has shown that a composite list of basic  m e a s -  

ORBITAL EXPERIMENT 
PROGRAM STEP 111 

DERIVED SET OF COMPLE. 
MENTARV EXPERIMENTS, 
INDIVIOUALLV DEFINED 
AND SEQUENCED 

Section 2 

STUDY OBJECTIVES 

SUPPORTING SPACE LABORATORY/ OPERATIONS 
RESEARCH FACILITY CONCEPT I 

The objective of this study was to systematical ly  identify, for  p r o g r a m  planners ,  
those r e s e a r c h  objectives and measurements  in the fields of oceanography and 
meteorology which could profitably exploit the potential offered by manned orbi ta l  
facil i t ies.  

The managers  and decision maker s  responsible f o r  guiding this  nation's space 
p rogram are  continually faced with al ternat ive cour ses  of action. In the selection 
process ,  a choice i s  made f r o m  among these al ternat ives  which affects the alloca- 
tion of resources ,  the implementation and scheduling of programs,  and the de t e r -  
mination of costs  and potential benefits. 
to  develop decision c r i t e r i a  i s  essent ia l ly  the same regard less  of the scientific 
o r  technical a r e a  of interest .  Research  objectives must  be defined, a n  orbi ta l  
experiment p r o g r a m  must be generated,  supporting research and development 
(R&D) requirements  mus t  be identified, the facil i ty requirements  mus t  be specified, 
and the ground support  and operational interfaces  mus t  be determined (F igure  2-1). 
F o r  each of the hardware  i tems  
involved, development t imes  

The information needed by management 

and cos ts  mus t  be est imated to 
provide a m a s t e r  t ime-phased 
p rogram bounded by rea l i s t ic  
projections of budgetary limits. 
When planning information is 
available in  this form, man-  
agement will  be in  a m o r e  
tenable position to  weigh and 
decide among the many compe- 
ting demands for  resources .  

In attempting to a s s e s s  the 
impact on, and conversely to 

I SClENTlFlClTECHNlCAL AREA 

USER.ORIENTED OBJECTIVES 

I 
I 
v 

NEW KNOWLEDGE REQUIREMENTS 
STEP I 

I T 

7 
UTILITY OF SPACE RESEARCH I SELECTED SPACE RESEARCH OBJECTIVES 

STEP II 

U\BoRAToRv COORDINATED FLIGHT/ 
ASSESSED REQUIREMENTS UTILITY OF OPERATIONAL REQUIREMENTS CWROINATEO SUPPORTING 1 !\?$;:: 1 1 I MISSION OPERATIONS PLAN I 
EQUIPMENT SPECIFICATIONS 

evaluate the potential prokided 
by, manned orbi ta l  facil i t ies 
in any a r e a  of research ,  it Figure 2-1. Requirements Analysis 
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would appear  that three s teps  a r e  required: Step I, identification of c r i t i ca l  i s sues  
o r  significant r e s e a r c h  objectives; Step 11, examination of the uti l i ty of space and 
the selection of those specific r e s e a r c h  objectives for  which space-based measu re -  
ments  offer unique information; and Step 111, development of an  orbi ta l  experiment 
p rogram which details  the instrumentation, facility, and operational support  
r e qui r ed 

The sys tems approach to p r o g r a m  definition involves all th ree  s teps .  
study was concerned only with Steps I and 11. 
fication of those r e s e a r c h  a r e a s  where manned space  platforms could offer unique 
capability. 
for  NASA to  proceed to Step 111, the next phase of the total  p rog ram definition 
activity. 

The study t eam was aware  that in scientific disciplines,  unexpected r a the r  than 
planned events somet imes  contribute most significantly to  scientific insight and 
that such unexpected discoveries  could well  influence subsequent planning. F u r -  
thermore ,  while rigid r e s e a r c h  plans may  facil i tate the design of space instruments ,  
they may stif le innovative research .  Recognizing these aspects ,  the study t e a m  
sought to develop a n  approach that would provide a consensus s t ruc tured  well  
enough for init ial  planning and for  the derivation of instrument  and space-station 
designs, but flexible enough to pe rmi t  change and individual contributions and 
participation. 

The p resen t  
Of par t icu lar  in te res t  was the identi- 

The resu l t s  of this study provide much of the basic  information needed 

Section 3 

RELATIONSHIP TO OTHER NASA EFFORTS 

Several  recently completed advanced sys t em studies have examined the broad 
spec t rum of potential space - re sea rch  activit ies.  
re la ted to the bas ic  sciences;  Ea r th - r e source  surveys,  and such applied problems 
as  the potential provided for  communication, navigation, and traffic control 
(References 6 through 18). Although these activit ies have served  to provide insight 
into the wealth of r e s e a r c h  capability provided by the utilization of space  platforms, 
relatively few studies have attempted to define in detai l  a specific r e s e a r c h  p ro -  
g r a m  o r  the implementation requirements  fo r  accomplishing such a program. 

A notable example of the approach required for  p r o g r a m  planning in  each scientific 
a r e a  i s  the OASF Study recent ly  completed for  the Marshal l  Space Flight Center 
(MSFC). 
r e s e a r c h  objectives and the i r  attendant measurement  and mission requirements  
was developed. 
descr ibed in  this document did not have as its immediate  objective the accomplish- 
ment  of the same depth of p r o g r a m  planning acit ivity a s  encompassed by the OASF 
Study, it was nevertheless  possible to prof i t  d i rec t ly  f r o m  the methodological 
approach to requirements  analysis  developed in the la t te r .  
OASF Study, many of the recent  studies in  oceanography and meteorology sponsored 
by NASA and other  government agencies provided valuable insights into the c r i t i ca l  
problems identified by oceanographers and a tmospher ic  scient is ts  and were  used 
extensively a s  background material for  the p resen t  study. 
act ivi t ies  of the Spacecraft  Oceanography P ro jec t  sponsored by the U. S .  Naval 
Oceanographic Office, the activit ies of the Committee on Atmospheric Sciences, 
COSPAR, and the World Meteorological Organization. 

These activit ies include those 

In that study, a basic  methodology f o r  the systematic  analysis  of astronomy 

While the oceanography and meteorology requirements  study 

In addition to the 

Of special  note are  the 
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Section 4 
STUDY APPROACH 

In identifying key r e s e a r c h  objectives and selecting those which can  most  profitably 
be addressed  from manned space  platforms, the sys tems engineer is faced with 
the problem of a s su r ing  himself that he has in  fact considered all relevant a r e a s ,  
i. e . ,  that t h e r e  a r e  no significant gaps in  his  coverage. 
ting completeness,  a research-or ien ted  plan should a l so  inherently contain infor- 
mation f r o m  which relat ive pr ior i ty  among competing measurements  can be 
assessed .  
formed by Douglas, and a methodology was developed which was found to  be 
generally applicable to the oceanography and meteorology case.  Briefly, four 
methods of analysis  were  investigated: a n  "object-oriented" approach, based on 
the sys t em descr ibed by Churchman, Ackoff, and Arnoff (Reference 19); a 
morphological o r  "paramet r ic  -matrix" approach patterned after Zwicky' s work, 
in  which such par t icu lar  pa rame te r s  of i n t e re s t  as angular resolution, spec t r a l  
bands, etc. ,  were  related to the astronomical  bodies (Reference 20); a "consensus 
approach" to  define "burning i ssues"  of as t ronomy (Reference 21);  and finally a 
' I research-oriented relevance t ree .  This final approach differed f r o m  the e a r l i e r  
concepts in  that it recognized the necessi ty  of ar t iculat ing the relationship between 
the theoret ical  and the experimental  branches of the discipline. 
e a r l i e r  methods yielded only a systematic  cataloging of potential experiments  and 
observations with l i t t le cohesive s t ruc tu re  to indicate logical relationships among 
experiments.  This miss ing  in t ras t ruc ture  connects the theories ,  the hypotheses, 
and the experimental  p rog rams  which evolve from them. The theoret ical  portion 
of the research-or ien ted  approach consisted of s ta tements  of the al ternat ive 
r e s e a r c h  hypotheses. The 
experimental  branch cons i s te-d 
of a spec t rum of potentially 
feasible experiments  within the 
l imits  s e t  by cur ren t ly  held 
views of the discipline. 
Clearly,  t he re  i s  an  adaptive 
feedback in  which new o r  
unexpected experimental  data 
cause theory revision and 

In addition to demonst ra -  

Similar  considerations were  addressed  in the NASA OASF Study p e r -  

In effect, the 

revised theor ies  suggest new PARADIGM STATEMENT "NORMAL" SCIENCE 

experimental  domains. This is ~ ~ N " E ~ ~ ~ ~ O ~ Y A ~ p E R , M E ~ A L  DISCIPLINE AS DEFINED 
i l lust rated in F igure  4-1. 

PROBING OF THE 

DATA BY CURRENTLY HELD 
THEORETICAL CONCEPTS 

Douglas applied this model  to 
astronomy, labeling the Figure 4-1. Element Feedback 

the0 r e t ical  model- building 
aspec ts  : "definition of the 
origin and future  of the uni- 
ver  s el' (evolution) and 
"establishment of principles of 
change and o rde r  of the uni- 
verse"  (laws).  The experi-  
mental  branch was called 
"observation of the p re sen t  
s ta te  of the universe.  ' I  This 
breakdown served  as the top 
level of our  final relevance- 

MANKIND'S OBJECTIVE IN SPACE. 
BASED ASTRONOMY IS TO GAIN A 
S m E R  UNDERSTANDING OF THE 
UNIVERSE - PAST, PRESENT AND 
FUTURE - THROUGH REMOTE SENSING 
OF EXTRATERRESTRIAL OBJECTS AND 
EVENTS 

WHAT ARE THE PRINCIPLES OF 
ORDER OF THE UNIVERSE (LE.. 
UNDERLYING PHYSICAL LAWS 
AND THEIR DEGREE OF 
UNIVERSAL APPLICABILITY)? 

WHAT ARE THE PRESENT 
CHARACTERISTICS OF THE 
UNIVERSE? 

EVOLUTION AND WHAT IS THE 
WHAT WAS THE ORIGIN AND 

FUTURE OF THE UNIVERSE? 

I I I  I 

t r e e  format  and was used in 
the f o r m  shown in F igure  4-2.  Figure 4-2. User-Oriented Objective Approach-Astronomy/Astroph ysics 
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These  th ree  categories  r ep resen t  t h ree  points of depa r tu re  for  the discipline. 
Taken together, they fully define its p re sen t  s ta te  of knowledge and a r e  capable of 
being expanded to  include new knowledge as  it i s  collected. The division among 
these  points of depar ture  is  coincident with the contemporary sub-disciplines of 
as t ronomy : cosmology and cosmogony, ob s e r vational astronomy, and a s  t r o  - 
physics. This breakdown of evolution, state,  and laws of o r d e r  apparently has  
genera l  application to re levance-tree  s t ructur ing of many other scientific 
disciplines (F igure  4-3). 

In view of the success  of this research-or ien ted  approach in the OASF Study, it 
was believed that  a similar type analysis  could be of value in  identifying the 
measurement  requirements  of significance to  orbi ta l  oceanography and meteorology. 
Whereas as t ronomy asks  questions pertaining t o  understanding the universe ,  
oceanography and meteorology a s k  questions pertaining to the oceans and the 
at nosphere.  
fied a s  evolution, state,  and change. In meteorology, questions of evolution lead 
t o  consideration of the Molten-Globe Hypothesis, the Accretion Hypothesis, the 
Original Component Hypothesis, and others .  
lead to consideration of the fac tors  of momentum, heat, mass, and chemical 

In this sense,  a d i rec t  para l le l  did appear  for  the categories  identi- 

Questions of physical laws of change 

USES 

UNIVERSAL GOALS 

I 

I 
ASTRONOMY 

KNOWLEDGE 

I I i 

KNOWLEDGE EFFECTS USES KNOWLEDGE EFFECTS 

4 4 4 
EVOLUTION STATE CHANGE 

1 I I 

HYPOTHESES/ OBSERVATIONS/ THEORIES1 

BASIC OBSERVATION 

Figure 4-3. Research-Oriented Logic 

c o mp o s it i o n . 
the cu r ren t  s ta te  of the a tmosphere  
provide a bas is  for  describing and 
forecast ing weather conditions. In a 
s imi l a r  vein, oceanographic r e s e a r c h  
objectives a l so  appeared related to  
evolution (biota, water  o rigination 
theories ,  etc.  ); state  (salinity fields, 
e lectr ic ,  acoustic,  and heat  flow, etc.  ); 
and physical change (erosion principles,  
sedimentation dynamics, turbulence, 
and f l u x  relationships).  

While this type of categorization pro-  
vided a n  interest ing and useful s tar t ing 
point fo r  the m o r e  basic  sciences,  it 
was found to be somewhat l imited for 
the applied a r e a s .  
meteorology in  par t icular ,  it was evident 
that the analysis  should not be l imited 
solely to the scientific goals of the 
pursu i t  of knowledge, but should be 
expanded t o  consider  the u s e s  to  which 
that knowledge could be placed and the 
effects which oceanographic and mete-  
orological phenomena might have on man 
(Figure  4-4). Accordingly, the points 
of depar ture  taken to identify c r i t i ca l  
i s sues  in this study included the social, 
cultural ,  economic, and polit ical  u ses  
of the oceans and the atmosphere,  and 
the climatological and geomorphological 
effects the oceans and the atmosphere 
would have on biota in general .  Using 
these var ied points of departure ,  it was 
believed that the resul tant  identification 

Ob s e r vat io nal fa c t o r s of 

In oceanography and 

Figure 4-4. O&M Study and list ing of measurements  which could 
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profitably be made f r o m  remote-sensing platforms would be comprehensive 
and complete. 

The final f o r m  of the analysis  could be  descr ibed as a logic net o r  r e s e a r c h  rele- 
vance t r ee ,  in which a s e r i e s  of questions could be asked, s ta r t ing  with the 
broadest  categories  at the top and deriving at each subsequent level  a g rea t e r  
degree  of specification until, at the lowest levels,  the c r i t i ca l  i s sues  per t inent  to 
each ma jo r  objective area were  identified. 
of increasing detai l  o r  specificity w e r e  utilized, ranging f r o m  General Objectives 
to Cri t ical  Issues .  
and effects (F igure  4-6), 10 application a r e a s  were  identified in  oceanography and 
9 in meteorology; 38  specific categories  in  oceanography and 37 in  meteorology; 
and 176 c r i t i ca l  i s sues  in  oceanography and 137 in  meteorology. The detai ls  of 
this analysis  a r e  presented in  Section 3 of Volume I1 of this Study. 

Once the c r i t i ca l  i s sues  had been idelitified in  each a rea ,  the types of information 
o r  knowledge needed to  addres s  these  i ssues  were  determined judgmentally. At 
this point i n  the analysis,  it was found that a single bit of information o r  knowledge 
requirement  might be applicable to seve ra l  c r i t i ca l  i s sues .  In the same  fashion, 
some potential measurements  were  found to provide data applicable t o  m o r e  than 
one knowledge requirement .  As an  example, information on the sea-sur face  
tempera ture  distribution would be a n  important  factor  in  understanding the popula- 
tion dynamics of plankton and would a l so  be important in determining sur face-  
cu r ren t  distribution and upwelling effects,  
distribution of organic and inorganic mater ia l s .  
surface tempera ture  using IR o r  microwave radiometry would not only provide 
information on tempera ture  distribution, but would a l so  be useful in providing 
information on slicks,  sur face  winds, ocean cur ren ts ,  etc. 

To record  these interrelationships,  the knowledge requirements ,  c r i t i ca l  i s sues ,  
and measurements  w e r e  tabulated in a m a t r i x  format  and a r e  summar ized  in  
Tables 4-1 through 4-4. 
identified in  the analysis  as a r e a s  in which remote  measurements  could offer 
significant advantages. 
detai l  in  Volume 11, Technical Report, Section 3. 

As an  example (F igure  4-5), five levels  

F o r  the th ree  specific categories  identified as uses ,  knowledge, 

These l a t t e r  fac tors  in  turn  affect the 
A d i rec t  measurement  of sea- 

These tables  include those c r i t i ca l  i s sues  which w e r e  

The derivation of these tables  i s  descr ibed  in  g rea t e r  

It was recognized that  not each of the knowledge requirements  was of equal impor -  
tance in pursuing each cr i t i ca l  issue,  and each measurement  was not equal in  its 
contribution to the generation of the information o r  knowledge requirements .  Wi th  
the help of the scientific contributors,  consensus judgments of the relat ive impor -  
tance of each  relationship were  made. In the i r  ranking, a value of 10 was used  to 
indicate that the measurement  was essent ia l ;  5 i f  it provided only a portion of the 
des i red  information; and 2 i f  it was supplemental  data, useful for  purposes  of 
interpretat ion but not a d i rec t  indicator of the phenomena of interest .  A measu re -  
ment of sea-sur face  tempera ture ,  for  example, would be an  essent ia l  indicator of 
t empera ture  distribution (rated 10) but it would only be one contributory bit of 
data in locating surface sl icks ( ra ted 5). Photographic recording may  not provide 
p rec i se  sur face  tempera ture  data, but it would provide supplementary information 
useful in  interpret ing IR and microwave pat terns  i f  clouds were  in  the field of 
view ( ra ted  2). 
requirements ,  and cr i t i ca l  i s sues ,  the numbers  in the cel ls  of Tables  4-1 to 4-4 
indicate the relat ive deg ree  of importance of the relationship. 

When the commonality analysis  of measurement  requirements  was completed, and 
those measurements  feasible o r  des i rab le  f r o m  a remote platform were  identified, 
35 measurements  of importance to oceanography and 29 measurements  of impor-  
tance to meteorology remained. Of these 64 measurements ,  11 were  common to  
both oceanography and meteorology. 

In addition to showing the associat ion of measurements ,  knowledge 

F o r  each of the 64 measurements ,  a n  
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1 

OCEANOGRAPHY 
OBJECTIVES OF OCEANOGRAPHY: ACQUIRE 1 
KNOWLEDGE SO MAN CAN REALIZE OPTIMUM USE OF 

EFFECTS 
WHAT IS 

EFFECT OF 
THE OCEAN 
ON MAN? 

SPECIFIC 
APPLICATIONS 

HOW DOES THE OCEAN 
AFFECT THE BIOTA? 

APPLICATION 
AREAS 

SPECIFIC 
CATEGORIES 

HOW ARE THE LOCATION 
AND POPULATION DYNAMICS 
AFFECTED BY POLLUTION. 
OCEAN MOTION. AND THE I THERMAL CHARACTERISTICS’ I 

Fiaure 4-5. Svstems Analysis Logic Flow 
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observation requirement  data sheet  
(ORDS, F igure  4-7) was filled out, 
specifying the pertinent information 
regarding such p a r a m e t e r s  as  spec t ra l  
regions, spat ia l  and tempora l  resolution 
requirements ,  and orbi ta l  requirements .  

The compilation of ORDS represented 
the completion of Steps I and I1 in  the 
program-planning p rocess  outlined in  
F igure  2- 1 ~ Specifically, the ORDS 
(see Volume 11) documented those basic  
measurements  which would provide 
unique information to the disciplines of 
oceanography and meteorology i f  the  

I GENERAL OllECTlYE I 

APPLICATION AREAS 

ril SPECIFIC CATEGORIES 

CRITICAL ISSUES E5 
INOWLEOGE 

REOUIRLYEWTS 

OCUHOPRAPHV CATECORIES 

I I I (1 1 I EFFECTS (3) USES KUOWLfD6E 
I 

I I I 1  I l l , l  

COASTAL 
CHANCE I FEATURES 1 (10) SOCIAL 

k CULTURAL I 
I I I I I  I I I I 

EROSlOW (38) HAB(TAN0ti PREDlCTlOn 

I 1 l l l l  I 1 

measurement  were  made f rom space-  
based observation platforms.  Figure 4-6. Structured Analysis Levels 

Figure 4-7. Observation/Measurement Requirements 
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Table 4-1 
MATRIX OF APPLICATION (Oceanography) 
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Table 4-2 (page 1 of 2) 
MATRIX OF APPLICATION (METEOROLOGY) 
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Table 4-2 (page 2 of 2) 
MATRIX OF APPLICATION (METE0 R O  LOGY) 
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Table 4-3 
OWLEDGE REQUl TS (Oceanography) 
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Table 4-4 
SELECTED KNOWLEDGE REQUIREMENTS (Meteorology) 
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Section 5 

STUDY RESULTS 

The ORDS, when taken as a co.mposite s e t  of potential .measure.ments f o r  orbi ta l  
oceanography and meteorology, provided interesting insights into the genera l  obser -  
vational pat terns  which might be anticipated i n  future  r e s e a r c h  programs.  The pat- 
t e rns  o r  t rends  observed suggest answers  to mission-planning questions regarding 
the spec t r a l  regions of importance,  the grid-point sa.mpling intervals,  the frequency 
with which the ,measurements  should be made, the ro le  of potential observational 
platforms, the ro le  of man, orbi ta l  operation requirements ,  and the specific instru-  
.merits o r  s enso r s  needed fo r  a comprehensive measu remen t  program. 

5. 1 SPECTRAL REGIONS O F  INTEREST 

F o r  a co,mprehensive measu remen t  p r o g r a m  in  orbi ta l  oceanography and meteor-  
ology, the pr incipal  spec t ra l reg ions  of i n t e re s t  a r e  the visible (0. 4 to 0. 8p), infra- 
r ed  (0. 8 to 50p), and microwave ( l o 3  to 105p) bands. 
for  31 of the m o r e  important measu remen t  areas a r e  summar ized  in F igures  5-1 
and 5-2. F o r  near ly  every  phenomenon of interest ,  measurements  w e r e  required 
in m o r e  than one spec t ra l  region. In ,many cases ,  multiband sensing was required 
to provide secondary o r  "control" data  which could be used to aid in interpret ing 
the significance of the da ta  gathered in the spec t r a l  region of p r i m a r y  .measurement 
interest .  A s  an example, IR upwelling f r o m  the Earth's sur face  in the 10 to l l p  
region is  occulted o r  attenuated by clouds i n  the field of view. Since the energy 
detected would be radiated at the cloud's tempera ture ,  a control measure.ment is 
needed (probably in the visible region) to ver i fy  the radiation source.  

Because of their three-dimensional  nature,  meteorological phenomena generally 
r equ i r e  a g r e a t e r  number of wavelength regions in their  measurement  p rograms  
than do oceanographic phenomena. To i l lustrate ,  the differential  absorption bands 
of the var ious constituents of the Earth's a tmosphere a re  important  fac tors  in  con- 
troll ing the amount of the ref lected and sca t te red  radiation which could be observed 
f r o m  the vantage point of space. 
and sca t te red  radiation i n  var ious portions of the electro.magnetic spec t rum provides 
a feasible  technique for  a s ses s ing  such fac tors  as cloud cover;  cloud heights; p re -  
cipitation; sur face  te.mperature;  and the ver t ica l  distribution of te.mperature, water  
vapor,  C 0 2 ,  and ozone. 
platforms are  essent ia l ly  of a two-dimensional nature,  it appears  that less need 
ex is t s  for  broadband coverage. 

Spectral-sensing requirements  

Comparison of the relat ive amounts of reflected 

Since the oceanographic measure.ments feasible  f r o m  remote  

Required oceanographic measurements  were  found 

Figure 5-1. Space Sensing Spectral Requirements-Oceanographv Figure 5-2. Space Sensing Spectral Requirements-Meteorologv 
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to lie pr imar i ly  in just  two regions, the visible and microwave. Color photography 
would provide direct ly  usable data  on the dynamics of ocean waters ,  plankton con- 
tent, ice coverage, cloud coverage, s e a  state, and many other phenomena. Micro- 
wave measurements  of surface tempera ture  gradients a r e  prefer red  over the IR, 
since they a r e  not appreciably affected by clouds o r  a tmospheric  water vapor. 
s iderable  r e s e a r c h  and ground t ru th  testing is required, however, before the fea- 
sibility of microwave sys tems can be established. 

5. 2 SPATIAL RESOLUTION (GRID-POINT SAMPLING) 
F o r  each of the i t ems  identified in the study, the required distance between discrete  
measurements  (grid-point sampling) was determined. 
should not be confused with the resolution of the parameter  in  t e r m s  of accuracy  and 
precis ion of the measurement .  Rather,  it is the sampling distance o r  spatial  var ia-  
bility of the phenomena of interest .  A comparison of the data plotted in Figures  5-3 
and 5-4 suggests that oceanographic phenomena requi re  measurements  made  at 
c loser  spatial  intervals  than meteorological phenomena. 

5 .3  TEMPORAL RESOLUTION (SAMPLING FREQUENCY) 

Observation o r  data-sampling frequency (F igures  5-5 and 5-6) ,  i. e . ,  the interval of 
elapsed t ime subsequent measurements  of each parameter  at the same grid point, 
was also examined. Measurement of meteorological parameters  required sampling 
at  m o r e  frequent t ime intervals than oceanographic parameters .  
and 5-6, a horizontal  line delineates the range of observation frequencies required 
fo r  each parameter .  The horizontal lines reflect  the range of sampling r a t e s  f r o m  
"desired" through 'lusable.' ' It should be noted that the span of observation- 

Con- 

This spatial  resolution 

In Figures  5-5 

0 WATER VAPOR PROFILE 

e GLOBAL UPPER WINOS 
e GLOBALTEMPPROFILE 
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0 PRESSURE 
9 LOCALSTORMSAND CLOUD COVER 
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- 

in Figure 5-7. While s im-  
ilar regions of the spec- 
t r u m  a r e  of in te res t  to 
oceanographers and 
meteorologists (Fig- 
u re s  5-1 and 5-2) ,  the 
observation programs a r e  
quite different. The 
o c e an0 g r  aphi c events 
change m o r e  slowly than 
meteorological phenomena 

POLLUTION 
WAVES 

*SEA STATE 
*LOCAL WINDS 

SLICKS 

* SURF 
SEA SURFACE TEMPERATURE 

* SURFACE OBJECTS 
* PLANKTON AND FISH 

COASTAL FEATURES 

* AIR-SEA INTERFACE 
e ICEBERGS 

J I I 
10 100 1,OoO 

frequency require.ments 
- for  plankton and f ish va r i e s  

fr0.m hourly to monthly 
data. The extended range 
associated with biological 
pa rame te r s  resu l t s  f r o m  
the study of .marine life 
and i ts  ecology, in which 
life cycles which vary 
f r o m  hours to decades a r e  
ob s e rved. 

5 .4  OBSERVATIONAL 
PLATFORMS 

The information contained 
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Figure 5-6. Observation Frequency Requirements-Meteorology 

meteorological events require  data  
gathering on an hourly to daily basis  
a s  contrasted to oceanographic m e a s -  
urements  which requi re  daily to yearly 
sampling intervals.  

These observational patterns suggest 
that different orbi ta l  platforms m a y  
be required (F igure  5-8). 
tively coa r se  measurements  requiring 
frequent observations, typical of 
cer ta in  global weather events, would 
be adequately accommodated by vehi- 
c les  in  synchronous orbits.  The very  
slowly changing oceanographic phe- 
nomena requiring relatively fine 
spatial  resolution would be adequately 
accommodated by surface and a i r c ra f t  
observations. The oceanographic and 
me t  eo r olo gi c a1 m e a  s u r  ement  s made  
frequently with fine spatial  resolution 
might be obtained by satell i te in  low- 
altitude orbits.  

The p rogram defined included two 
major  measurement  elements: an 
R&D phase and an operational phase 
(F igu re  5-9). The development of 
instruments,  measurement  techniques, 
and operational theories  o r  models a r e  
the R&D objectives. The operational 
sys tems involve the more  routine data 
gathering, processing, and dissemina- 
tion. A s  descriptive and predictive 
techniques a r e  developed in the R&D 
phase, they in turn  establish the sen- 
so r s ,  data processors ,  and information 
interfaces needed in the operational 
sys t em by the using agencies. 

The re la -  
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The shifting pat tern of 
demands for  .measure- 
ment platforms was 
examined for  the R&D 
(Figure  5-10)  and the 
operational phases 
(Figure 5- 11). Orbital  
facilities, a i r  craft ,  su r -  
face vehicles, and mul- 
tiple combinations, 
including orbi ta l  plat- 
forms ,  were  consid- 
ered. Cr i te r ia  used in 
identifying the most  
responsive type of meas-  

PROCESSORS 
INSTRUMENT MEA 

ONCEPTS TECHNIQUES 

RESEARCH AND 
DEVELOPMENT 

PROGRAM 
OPERATIONAL 

SYSTEM 

urement platform were  
(1) projected equipment Figure 5-9. Technical Objective Achievement 

development status and 
space flight worthiness of instruments;  ( 2 )  necessity for  concurrent measurements ,  
such a s  ground-truth verification; ( 3 )  the required geographical coverage and 
resolution; and (4) the periodicity, frequency, 
Most orbi ta l  measurements  identified for the R&D phase required ancil lary verifi-  
cation o r  "ground truth" testing. Certain theoretical  studies, however, could be 
verified by specific experiments performed on the orbi ta l  platform. These gener- 
ally relied on some unique advantages of orbi ta l  space (zero-g,  synoptic coverage 
capability, etc. ). An example is the zero-g required in  various experiments deal- 
ing with cloud physics and weather modification mechanisms. 

Some measurements  were  identified by the scientific contributors a s  being of 
potentially grea t  value if  they could be made  on a synoptic basis,  even though no 
feasible technique was current ly  available for  remote sensing. 
urements were  included in the analysis for  completeness but were  identified a s  
being feasible only f r o m  surface vessels.  
charge and gravitational and magnetic anomalies. 

and duration of the observations. 

These types of meas -  

Examples a r e  sea- surface e lec t r ic  
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Figure 5-1 0. Measurement Platforms-Research and Development Phase Figure 5-1 1. Measurement Platforms-Research and Operational Phase 
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A s  the emphasis  on the measurement  programs shifts towards the operational sys-  
tems,  the use  of independent orbi ta l  facil i t ies becomes m o r e  important (Fig-  
u re  5-11). 
tional a r e a s  dealing with the a s ses smen t  of such  slowly changing phenomena as 
coastl ine pat terns  and bottom anomalies. These t rends  a r e  based solely on the 
expected ability of the given platform to sat isfactor i ly  accomplish the observations.  
The comparat ive operating economies of the var ious platforms were  not considered 
in  this study. 

5 .5  THE ROLE O F  MAN 

Although a n  evaluation of the ro le  of man in orbi ta l  operations involves analysis 
beyond the scope of the present  study, the data at hand permit ted at least a pre l im-  
inary a s s e s s m e n t  of his potential contribution. The rationale followed in  this anal-  
ysis  acknowledged that m a n  could be "engineered" out of the orbi ta l  sys t em but 
usually at the pr ice  of increased  complexity, decreased  reliability, and decreased  
sys t em capability. 
and is therefore  costly. Each measu remen t  requi rement  was analyzed to de te rmine  
the nature  of man ' s  possible contributions to the p rogram and how they might change 
the R&D and the operational phase. 
identified: 

1. Selection of ta rge ts .  
2. 
3 .  
4. Manipulation of observation rneterials.  
5. Visual observations.  

However, aircraft appear  to  continue to offer advantages in those opera-  

On the other hand, man r equ i r e s  complex support  equipment 

Five potential contributions of man  w e r e  

Checking of complex instrument  functioning. 
Calibration and testing of new and complex instruments.  

Each measu remen t  was weighed against  these c r i te r ia ;  man  was considered 
"valuable" in space  if  three o r  m o r e  were  involved in the measurement  p r o g r a m  
and "useful" if one o r  two were satisfied (F igures  5-12 and 5-13). Results indicated 
that man  could make a useful o r  valuable contribution to  near ly  50% of the m e a s u r e -  
ment  p rograms  in the R&D phase. In the operational phase, however, the ro le  of 
m a n  became l e s s  certain,  a s  indicated by the significant number of !'to-be- 
determined" judgments. 
those involving highly complex instruments  with selective pointing, or  specific 
zero-  g experiments  requiring monitoring and controlling. 

The measurement  p rograms  requir ing m a n  w e r e  general ly  

It should be noted that 
this analysis did not 
r ep resen t  an exhaustive 
evaluation of the ro le  of 
man. Other  potential 
uses  of man which cap- 
i talize on his natural  
ability, training, and 
specific ski l ls  as a 
scientist,  observer ,  and 
operator ,  as well as those 
functions attendant to the 
.maintenance of the space-  
craft and its payload, 
requi re  fu r the r  study. 

5 .6  ORBITAL 
OPERATION 
REQUIREMENTS 

Analyses of orbi ta l  
inclinations fo r  var ious 
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Figure 5-13. Manned Orbital Requirements-Ouerational Phase 

K&IJ and operational 
activit ies (Figure 5- 14) 
indicated that 50% of ocean- 
ography and meteorology 
instrument  feasibility tes t s  
could be accomplished 
between Oo and 30° north and 
south latitude and all could 
be accomplished in a 70° 
orbi t  inclination. Figures  
5-15 and 5-16 show the 
latitude coverage providing 
various degrees  of m e a s -  
urement  capability for  short-  
range, extended-range and 
long-range prediction for  two 
regions: the t ropics  and the 
mid-latitudes. Data require-  
ments  for  both vary, but 
they a r e  c lear ly  a function of 
the length of t ime of the fore-  
cas t  period. When longer 
range forecas ts  a r e  desired,  
higher latitude data is needed 
in the predictive model. 

5 . 7  INSTRUMENT REQUIRE- 
MENTS 

Examination of instruments 
required for the various 
measurement  p rograms  
indicated that 25 generic 
c lasses  would provide the 
basic  data needed in the 
R&D phase of the program 
development activity. 

Figure 5-1 4. Latitude Requirements-Research and Development 
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Current ly  available o r  proposed instruments  were  examined t o  determine whether 
they provided the des i red  instrument  capabilities and the measurement  requi re -  
ments.  The p r i m e  source  of data on existing and proposed instruments  was the 
NASA- supplied l i s t s  f r o m  the Nimbus and Applications Technology Satell i te 
p rograms  and f r o m  the APS A and B Apollo Applications P rogram.  
required instruments ,  
g r a m s ;  5 w e r e  new. 
these instruments .  

Of the 25 
20 could be identified in  cu r ren t  or  proposed NASA pro -  

F igure  5-17 summar izes  the types and p rogram sources  for  

Instruments proposed for APS A and B programs would play a significant role  in  
satisfying the oceanography and meteorology p r o g r a m  requi rements ,  If these p ro -  
g rams  did not mater ia l ize ,  a corresponding gap in  equipment development would 
exist. 

Section 6 
SCOPE O F  STUDY AND STUDY LIMITATIONS 

The foregoing discussion has  descr ibed the procedures  followed in identifying 
orb i ta l - research  objectives in a logical and systematic  manner.  
examined the disciplines of oceanography and meteorology f r o m  the viewpoints of 
the r e s e a r c h  scient is ts  and of other potential u s e r s  of the information. 
mendations for  specific c l a s ses  of measurements  have been made, 

The study has  

Recom- 

The study was l imited to the examination of the oceans, the atmosphere,  and the i r  
interaction. Coastal  zones were  included, but the freshwater  o r  limnological zones 
were  not, Also, the t idal  influence of the sun and the moon on the atmosphere was 
not explored. 
developed, these and other regions of Ear th-centered  observations should be 
analyzed. It can be anticipated that 
agr icul tural  and fo re s t ry  applications, 
geological surveys,  and photogram- 
m e t r i c  mapping act ivi t ies  would 
requi re  many of the same  types of 
sensing devices in orbi t  a s  found useful 
for oceanography and meteorology. 
Establishing the measurement  com- 
monalit ies among a multidisciplinary 
se t  of r e s e a r c h  objectives would 
undoubtedly suggest m o r e  efficient and 
effective o rb i t a l - r e sea rch  p rogram 
plans.  

Before a comprehensive plan for Earth-or iented r e s e a r c h  can be 

Once a multidisciplinary orbi ta l -  
r e s e a r c h  o r  experiment  plan has been 
formulated, the remaining s teps  in  
the overal l  p r o g r a m  planning can be 
accomplished: supporting R & D  can be Figure 5-17. O&M Instrument Package Accommodation 
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identified; design requirements  for  space laborator ies  and facil i t ies can be speci-  
fied; and the mission operations and ground support necessary  can be defined. 
Hardware development t imes  and costs  will then provide a basis for  the preparation 
of a real is t ic  t ime-phased program plan. 

The present  study was fur ther  limited to the identification of observational requi re -  
ments which were  of value to oceanographic and meteorological r e s e a r c h  and which 
appeared to be potentially feasible f r o m  remote  platforms. No  attempt was made to 
a s s e s s  the economic tradeoffs involved in determining the cost  effectiveness of the 
various potential data- gathering platforms, (i. e. , aircraf t ,  surface vessels ,  o r  
orbital  facil i t ies) although judgments were  made regarding the most  responsive type 
of measurement  platform f r o m  an engineering o r  r e s e a r c h  standpoint. 

Finally, the scheduling of orbi ta l  r e s e a r c h  requires  an order ing of r e sea rch  objec- 
tives. This implies the a s ses smen t  of pr ior i t ies  for  the measurements  as  a function 
of the relative importance of the cr i t ical  i s sues  to which the measurements  a r e  
directed. 
judgments regarding the relat ive importance of the i s sues  identified. There  was 
generally universal  agreement  that both atmospheric and oceanographic pollution 
were  the most  important issues .  Beyond this point, judgments differed. While it 
was beyond the scope of the present  study to pursue the problem of pr ior i ty  a s s e s s -  
ment  with the scientific community as  a whole, it must  be recognized that, unless a 
consensus can be derived by competent authority, future planning studies will be 
l imited in their  ability to establish the mos t  significant and effective experiment 
plan. 

These s teps  remain  to be taken. 

During the present  study, the scientific contributors were  asked for  their  

Section 7 

IMPLICATIONS FOR RESEARCH 

The Oceanography and Meteorology Study found that a significant number of the 
measurements  necessary  to fu l f i l l  the study objectives can be implemented by a 
remote-observation program. For  remote  sensing of cer ta in  parameters ,  such a s  
surface charge, bottom composition, and acoustic signature, an advance in tech- 
nology i s  needed. The importance of these var iables  suggests that r e s e a r c h  might 
profitably be directed toward these a reas .  

Besides the instruments to implement the measurements  program, other fac tors  
a r e  required to completely synthesize the system. 
tive of the meteorology program i s  the achievement of accurate ,  long-range weather 
forecasts .  
simplified two-degree-of-freedom models with 500-km resolution, accurate  10- to 
14 - day for e cas t s  require  mo r e complicated three  - degree  - of - f r e e dom models, with 
input data accurate  to a 5-km resolution level  (F igure  7-1). 

Development of more  accura te  long- range forecasting requi res  s enso r s  capable of 
much finer resolution and requires  more  frequently sampled observations of the 
atmosphere.  
models capable of operating with increased fidelity in simulating the physical 
situation. 
numerical  models necessary in the simulation have been formulated but remain to 
be tested and verified. 
will be a continuing r e s e a r c h  need. 

The t rend in meteorology toward higher resolution and m o r e  frequent measurements  
and the advanced theoretical  numerical  models for  weather forecasting makes an 
advance in computational facil i t ies a m o r e  cr i t ical  requirement.  
requirements indicates that, to achieve the desired automatic forecasting capability, 

For  example, one major  objec- 

While capabilities exist  today f o r  36-hour forecas ts  based upon 

Coupled with these t rends a r e  requirements  for advanced mathematical  

Study of recent  COSPAR repor t s  indicates that major  portions of the 

The refinement and validation of such mathematical  models 

Analysis of these 
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a n  increase  of .many o r d e r s  of mag-  - 

nitude in  data-processing capacity 
over  cur ren t ly  available sys t ems  
will be required.  Thus, data  handling 
is a major  and cr i t i ca l  R&D area .  

One m e a s u r e  of this, as shown in  Fig- 
u r e  7-2, is  a n  inc rease  of 100 million 
over  the requi rement  for  computer 
operations p e r  unit t ime  found in cu r -  
ren t  syste.m capabilities. This 
i nc rease  r ep resen t s  the increased  
data-processing load in .moving f r o m  
the short-  range forecas ts  with 
500-km grid point resolution cur -  
rently programmed,  to  the future 
requi rement  for  long- range forecas ts  
with 5-km resolution. 

ESSA NIMBUS ADVANCE 
PLATFORMS (POLAR1 & ATS (POLAR & S Y N C . )  PUTFORMS (POLAR & S Y N C  CO-ORBITERS)  

R A T U R E .  MOISTURE,  
OENSITY & A E R O S O L  

3 D A Y  A U T O M A T I C  10.14 O A Y  36 HOUR A U T O M A T I C  
FORECASTS FORECASTS F O R E C A S T S  

I \LONG RALGE lg\5 PROGNOSIS 1968 1972 

Figure 7-1. Meteorological System Evolution Similar t rends  are  found in  ocean- 
ography. Analysis has shown that, 
for  la rge-  sca le  fisheries prediction and the generation of use-oriented information, 
the data-acquisit ion rate exceeds the s ta ted capabilities of any cu r ren t  o r  contem- 
plated observation platform. A s  mentioned previously, m o r e  fundamental to the 
problem of implementing a f isher ies-predict ion s y s t e m  is the formulation and 
verification of theoret ical  models of mar ine  biological behavior. Expansion of 
appl ied-research activit ies can validate existing models  and develop new ones, as 
required.  
to vas t  i nc reases  in  scientific understanding of ve ry  complex natural  p rocesses .  

This study did not consider  the economic implications of the r e s e a r c h  p r o g r a m  
necessary  to  fulfill the objectives identified by the sys temat ic  approach. 
a lso be noted that no cu r ren t  satel l i tes  i n  orbi t  direct ly  support  oceanography 
r e s e a r c h  objectives, although much of the meteorological data cur ren t ly  being 
gathered can  be used in  oceanographic r e sea rch .  

These c l a s ses  of r e s e a r c h  a r e  very  long range p rograms  which can lead 

It should 

An example of the anticipated experiment  p rogram evolution foreseen  f o r  orbi ta l  
oceanography and meteorology is documented in  Volu.me 11, Appendix A. 
charac te r i s t ics  can  be s e e n  in the total  measure.ment requirements ,  which provide 
insight into the exDected ro le  of a .manned space platform during the ea r ly  research 

Certain 

v 

phase. Towards ;his end, measu re -  
ment  requirements  w e r e  suggested 
for  areas (1) where  manned participa- 
tion is  valuable o r  useful and ( 2 )  where 
orbi ta l  platforms o r  a combination of 
space  and other  platforms is needed. 
This subset  of total  requirements  
includes such observation types as s e a  
color,  turbidity, and bioluminescence; 
s t o r m  tracking, a i r ,  and cloud motion; 
sea- sur face  tempera ture ;  surface,  and 
a i rborne  objects;  ver t ica l  soundings 
of tempera ture ,  p r e s s u r e s ,  moisture ,  
and winds; gaseous,  liquid and solid 
co.mposition of the atmosphere;  and 
e lec t r ica l  discharges.  

Study of the instrument-development 
require.ments has indicated that initial 

MILLIONS OF OPERATIONS PER SECOND 
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Figure 7-2. ComDuter Requirements for Automatic Weather Prediction 

24 



emphasis  can mos t  profitably be placed on the development of c a m e r a s  and IR 
radiometers .  These,  in  turn,  are followed by spec t rometers ,  microwave radio- 
m e t e r s ,  r ada r s ,  and groups of these instruments  functioning together. Nighttime 
coverage becomes pract ical  as rad iometers  and low-light-level c a m e r a  sys t ems  
are  introduced. 
t ions,  while microwave rad iometers  and r a d a r s  allow sensing of sur face  and rain-  
fall conditions * 

The measur ing  instruments  finally used i n  orbi ta l  r e s e a r c h  will include the m o r e  
advanced and complex s e n s o r s  of the equipment grouping. 
activit ies involved in performing these measu remen t s  can be anticipated to be par -  
t icular ly  complicated during the ear ly  r e s e a r c h  phase, considering requi rements  
for  simultaneously making observations and ground t ru th  tests. Man's  ro le  as a 
r e sea rche r ,  observer ,  and instrument  opera tor  during this c r i t i ca l  ea r ly  r e s e a r c h  
phase  will be par t icular ly  important. His na tura l  ability, coupled with training and 
specific skil ls ,  will add res s  such  orbi ta l  activit ies as critical instrument  adjust- 
ments ,  coordinated experimental  procedures  where  seve ra l  par t ies  will  be in  voice 
contact with each  other,  on- board handling of important  data, observational tech- 
niques, and e a r l y  interpretat ion of resu l t s  of individual r e s e a r c h  experiments.  
When these scientific duties a r e  coupled with other required on- board supporting 
activities, such as maintenance and repa i r ,  the synergis t ic  observational capability 
of a flexible manned orbital-  r e s e a r c h  facility will be fully realized. 

Spec t rometers  pe rmi t  tempera ture-  and mois ture  - profile obs e rva-  

Also, the functional 

Section 8 

SUGGESTED ADDITIONAL EFFORT 

This study explored the areas of oceanography and meteorology research and 
identified elements  of a long-range experiment  plan which would profit by the use  of 
space  platforms, utilizing the capability provided by manned operations.  In doing 
so,  this study has examined a significant portion of the sun-Ear th  coupled system. 
To identify completely all sun-Ear th  interactions and relationships,  however, the 
study should be expanded to cover other  re la ted a r e a s  of i n t e re s t  such as the limno- 
logical zone (including land, r ivers ,  lakes,  and s t r e a m s )  and l i thospheric 
phenomena. F r o m  this extended base, the total  Earth-or iented p r o g r a m  of 
oceanographic and meteorological r e s e a r c h  could be synthesized with balanced 
requirements ,  miss ion  loads, and specific R&D goals. 

In addition to a completed study of the land-sea-air  interface,  the following areas 
for  fur ther  activity are  recommended: 

1. Expansion of the sys temat ic  approach for  the identification of r e s e a r c h  
objectives to  include other  Earth-or iented r e s e a r c h  a r e a s :  
fores t ry ,  geography, geology, and hydrology. 

2. Delineation of general  mission-planning requirements ,  promising options, 
and measu remen t  tradeoff s.  

A. Identification of major  fac tors  influencing operation and configuration 
d e  s ign. 

B. Examination of data-handling needs and s y s t e m  impact  on ground 
facil i t ies.  

C. Description of miss ion  mode alternatives,  day/night observation 
targeting, and unique research- oriented observational opportunities. 

D. Determination of economic tradeoff s between al ternat ive data collection 
methods . 

agricul ture ,  

3 .  Development of a t ime-phased plan, including engineering es t imates  of 
costs  and schedules, showing p r o g r a m  al ternat ives ,  major  R&D milestones,  
and design- decision points. 
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4. 

5. Identification of cr i t ical  R&D areas .  

Development of a theoretical  base through observation of remotely sensed 
data  which can  b e  used to infer pa rame te r s  of specific in te res t  to u se r s .  

A .  

B. 

Examination of the needs for  key theoretical  studies and long-term 
investigations necessary  for  model development. 
Definition of the pacing experiments requiring zero-g o r  orbi ta l  
observations and investigations of technological advance necessary  to 
implement the ultimate data-management requirements.  

In summary,  the Oceanography and Meteorology Study has  been an  exploratory 
effort to define systematically those orbi ta l  measurement  requirements  which would 
most  direct ly  serve  the needs of the scientific community and potential using 
agencies. The design and operation of manned and unmanned space vehicles appears  
to be well within cu r ren t  technology. To be effectively utilized, however, such 
vehicles must  be responsive to user  needs. 
these documents will help provide some insight into an analytic approach which 
t ranslates  user  objectives into measurement  plans. 

It is hoped that the effort descr ibed in 
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